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(54) TiUe: LOW-J>RESSURE MERCXIRY DISCHARGE LAMP 
(57) Abstract 

A low-pressure mcrcuiy discharge lamp of the invention compriBes an 
envelope (1) that encloses a discharge space (2) in a gastight manner. The 
envelope is provided with a luminescent material (4) which is excitable wift 
radiation of a wavelength of 254 nm. The envelope (1) is ftirthcr provided 
with a further luminescent material (5) which has an excitation spectnim 
of which the value for a wavelength of 436 nm amounts to at least 10 % 
of that at a wavelenght of 254 nm, and which further luminescent material 
has an emission spectmm with a maximun in a wavelength range from 580 
to 720 nm. The lamp of the invention has in a dimmed state of operation 
a color point of which the value of the x-coonlinate is higher than in the 
nominal state of opeiation. 
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Low-pressure mercury discharge lamp. 



FCT/IB98A)1567 



The invention relates to a low-pressure mercury discharge lamp comprising a 
light-transmitting envelope which encloses a discharge space in a gastight manner, which 
discharge space is provided with an ionizable filling of mercury as well as one or several 
rare gases, and further comprising means for maintaining an electric discharge in the 
discharge space, said envelope being provided with a luminescent material which is excitable 
by means of radiation having a wavelength of 254 nm. 
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Such a low-pr^sure mercury discharge lamp is known from EP 660 371 Al. 
The envelope enclosing the discharge space of the known lamp is a tubular discharge vessel 
in which electrodes are positioned at both ends so as to serve as the means for maintaining a 
discharge in the discharge space. The discharge vessel is provided with a luminescent layer 
at a surface feeing towards the interior, with a luminescem material comprising the 
luminescem substances: cerium-magnesium aluminate activated by trivalent terbium, barium- 
magnesium aluminate activated by bivalem europium, and yttrium oxide activated by trivalent 
eurq)ium. The known lamp serves as a replacemem for an incandescent lamp. It is a 
disadvantage that this lamp in a dimmed operational state has a color poim whose x- 
coordinate value is lower than it is during nominal operation. The known lamp differs from 
an incandescent lamp in this respect; indeed, the value of the x^rdinate of the color poim 
in the dimmed operational state of an incandescent lamp is higher ftan it is in the nominal 
operational state. 



It is an object of the invention to provide a low-pressure mercury discharge 
lamp of the kind described in the opening paragr^h whose x-coordinate value of the color 
point in the dimmed operational state is higher than it is in the nominal operational state. 
According to the invention, the low-pressure mercury discharge lamp of the kind described 
in the opening paragraph is for this purpose characterized in that the envelope is in addition 
provided with a further luminescem material which has an excitation spectrum whose value 
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for a wavelength of 436 nm amounts U) a. least 10% of that for a wavelength of 254 mn 

sa«i funher luminescem material having an emission spectnim with a maximm^ 
wavelength range from 580 to 720 nm. 

nie invemor has found that the imensi^ of the ladiation with a wavelength of 

436 nm generated in the discharge space deaeases less strongly than that of 254 mn 

radiation when the lamp is dimmed. The radiation having the former wavelength is converted 

mto ladiation lying in a wavelength range from 580 to 720 nm in the lamp according to the 

im^ntion. The bmp according to U>e hwemkm thus has a color point in the dimmed 

operational state whose x-coordinate has a higher value than in the nominal openuional state. 

It is noted that a low-pressure mercury discharge lamp is known from 
US-P 5.592,052 whose envelope is provided with a luminescent material which is excitable 
by means of radiation having a wavelength of 254 nm and with a further luminescem 
material which is excitable by means of radiation having a wavelength m the range from 330 
15 to 440 mn. The combination of these lummescem materials aims to achieve that the color 
temperature of the lamp can be adjusted by means of the manner of operation. The color 
temperature of the known lamp rises when the known lanq> is operated in the pulse burst 
mode instead of comimK.usly. The luminous flux decreases at the same time with this change 
in the manner of operation. This is undesirable when a low-pressure mercury discharge lamp 
is used as a replacemem for an incandescent lamp. Incandescem lamps by contrast have the 
property that the color temperature fells when the Iwninous flux is set for a lower value. In 
an embodiment of the lamp known from US-P 5,592.052. the ftmher luminescent material U 
formed by the luminescent substance YVa:Eu=^ TTis luminescem material is no. or hardly 
excitable by means of radiaUon having a wavelength of 436 nm. 

The further luminescem material of the lamp accoiding to the nwention may 
comprise a single lummescem substance or may be composed of several luminescem 
substances. Suitable hmunescem substances for the further lummescem material are for 
example. CaS:B.»*, StS:Eu»* or (Zn.Cd)S:Ag*. or «, orgwUc lumine«sem materiai such as 
Eu cinnamate. 

In an attractive embodiment of the low-pressure mercury discharge lamp 
according to the invention, the maximum of the emission spectrum of the further luminescent 
material lies between 630 nm and 700 nm. TTie further luminescem material then contributes 
to the color renderiiig index R9 (deep red). The luminescent substance Mg,GeO,^:Mn-. 
for exanq>le, is suitable for this. 
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5 discharge space. Tlie effect of ,h, ^ ^ «6 nm gen»ated in the 

-i^ion ge^nuea .he -ulin^cel JJr^rC^ Z " " 

^°-J^'----ean.H.e^,e.r^~-^^^^^ . 
provided m a suspension. A higher percentage by weidit of H,, « " , 
10 in the suspension wiH ,ead to a higher coaui w^ig^t 1^^: T 
.u.ni«.centn..r.„.,..,„,.3^J^^:'^*^^^ 
wavelength range or a single luminescent substance which 2 ' 

ranges. AltemaUve.y. the luminescent n^terial^^ L IZ. f hT' 

--ceswhi<.e„itin.utu.l,di.eringwavrnr*Z^ "'^•"""^^^ 
The luminescent material may comorise fnr *v«« i 

20 ffia Ai o r... ^ luminescent substances 

discharge, in pLTl! 436 nlT ^ ' °' -"-'^ 

25 «>"onrin":r:::rj:r'^''"'"^*'-^^^^^^ 

luminescent n^terlT^ ^t^. '~' "^"^ ^ P-- i" *e 
as yA:Eu'^ (VOX). ^'^'^ such 

--.j::.r!^r:rvat:.r^'°-''^"^"^^ 

30 and the further luminescent nlrr '"^'^^^ 

embodiment is Z^T^,r! ' ""^"^ ' '^^^ ^" ""^^^ 

-..rial^eprotr^Hi^'Z"^ 

m™, ■ u . ^^^^ luminescent layers, the luminescent layer 

con^ns-ng the luminescent material being arranged between the discharge ^ 

l~.y..»mprlsh«d,e.rd.lumit^.^^.^,^«^^*^ 



wo 99/21214 

PCT/IB98/D1567 

layer comprising ti,. f.r^ Z^^T " " 

pn.««s the further Iumi«»ce„t mteria. Z^' »««rial here 

. n««rial can be chosen. °' the further l^iUnescem 

p™v^on:r:r:ir:~:r^'-"'""-"--- 

"uminescen, layer comprising the fiiri i ^ 
•0 comprising the luminescent material. A f "^17"'' 
Of the iamp a<«r.in, .„ .e invention is Z^LCTZ^ 
only a dischat^e vessel which is cla^ ■ «« 

a diffiisor for the light generated bv ,h. > ■ ^ as 

« T^e ottterU m™ It JZT"' ""^^^^ 

is Obviously sufficiem in thi^ " '^'^''^ » resin. ,t 

^0 -.yoneo..esepar::r::rj::^rj:;:r"'r 

envelope to be closed in a gasUght manner. ""^ 

It is self^ent that the natue of die m»n. #• 
™ to dte esse.. Of the invenUon. sl T^^, "^"^ '^^ 
pair of electrodes which may or may m.t ' « ' 

- ---y-t^-^anstna JeZr^rXf-'-^^^ 
alternating magnetic HeM is generated intd^ZTlT,::^ '^'^ 
P^ferably positioned outside the discharge spTtZTT ^ " 
ti«.«gh the dischatKc vessel are thus avJi^ ^ 
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to a^wint ZT" " ^^^ ■'^'^'^ With 

--ins to le " •^-^ -■-^ .«„p 
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-.e ^ or """^ f *e ^unher .u«i„«sce« used in 

versus nommal operation, and ' ""'"^ """^ 

operation 
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luminescent material 4 which is excit.h.* k ^ ^ ^''^ ^'^^^^^Pe ^ « provided with a 

nn.. luminescent ^ : Z^^l "T """"" '"^'^ " ^^"^"^ 
-n. M A, « '"minescem substances 
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The luminescent material 4 and the further luminescent material 5 are provided 
m mutually differing luminescent layers 40 aad 50. respectively. TTie luminescent layer 40 
comprising the luminescent material 4 is present between the discharge space 2 and the 
luminescent layer 50 comprising the further luminescent material 5. The discharge vessel 10 
here supports the luminescent layer 40 with the luminescent material 4 at a surfece lO' facing 
towards the interior. The outer bulb II supports the luminescent layer 50 with the further 
luminescent material 5. here again at a surface IV which faces towards the interior. 

Fig, 2 shows the emission spectrum of Mg4Ge05.,F:Mn**, The emission has a 
maximum at a wavelength of 660 nm. The excitation spectrum of this luminescent substance 
used in the further luminescem material is shown in Fig. 3A. It is apparent therefrom that 
the value of the excitation spectrum of the further luminescent material at a wavelength of 
436 nm amounts to 48% of that at 254 nm. Fig. 3B shows the excitation spectrum of 
YVO,:Eu^\ for comparison, from which it appears that the value of the excitation spectrum 
of this luminescent substance at a wavelength of 436 nm is negligibly small compared with 
that at a wavelength of 254 nm. 

Two lamps (invl. inv2) according to the embodiment of the invention shown in 
Fig. 1 and one lamp (reO not according to the invention were manufactured. The luminescent 
layer 50 comprising the further luminescent material 5 absorbs 39 and 61 % of the radiation 
having a wavelength of 436 nm in the lamps invl and inv2, respectively. The absorption lies 
between the limits of 20% and 70% mentioned above in both cases. The luminescem layer 
50 with the further Imninescent material 5 was obtained in that a suspension comprising the 
luminescem substance Mg,GeO,.,F:Mn- with butyl acetate as a suspension agem and 
nitrocellulose as a binder was caused to flow over the imier surface of the outer bulb and 
dried, whereupon die binder was driven from the luminescent layer 50 by heating. The 
quantities by weight of said luminescent substance in the suspension were 1.39 and 1.48 
g/cm^ in the lamps invl and inv2. respectively. An outer bulb was absem in the lamp ref. 

The lamps ref, invl, and inv2 were operated in the nominal and in the 
dimmed state consecutively. In the nominal operational state, the power P dissipated by the 
lamp is 8.5 W. in the dimmed state 3.4 W. The luminous flux values of the lamps in the 
dimmed state were approximately 15% of those in the nominal operational state. The 
following Table lists the color temperature T. and the coordinates x. y of the color points of 
said lamps in both operational states. 
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P(W) 




ref 


invl 


inv2 




T.(K) 


X 


y 


T.(K) 


X 


y 


Tc(K) 


X 


y 


8.5 


2778 


457 


416 


2710 


473 


436 


2653 


485 


448 


3.4 


2699 


454 


400 


2579 


475 


421 


2537 


489 


438 



Fig. 4 shows wift arrows the change (Ax. Ay) of the color point in a transition 
from the nominal operational state to the dimmed operational state. It is apparent from Fig 4 
that the value of the x-coordinate of the color point in the dimmed operational state is higher 
than it is in the oominal operational state for the lamps invl and inv2 according to die 
im-ention. For the lamp ref not according to the invention, the x-coordinaie of die color pomt 
in the dimmed operational state by contrast has a lower value dan in the nomimd operational 
state. 

A second embodimem of die lamp according to the imraition is shown m Fig. 
5. Components dierein correspoiKling to those in Fig. 1 have reference numerals which are 
100 higher. Tbc envelope 101 in this embodimem comprises an toner pan 112 and an outer 
part 1 13. The imw pan 1 12 is a tube bem hito a U-shape with a first closed end U2a m 
which a first electrode 103a is arranged, and a second, open end 112b. The outer pan 113 
envelops die imwr pan 112 in a gastight mamier. A second electrode 103b is arranged in Uie 
outer pan opposite the open end 1 12b. A surface 1 12- lacing mwaids of die inner pan 1 12 
of die envelope 101 is provided wirii a luminescent material 104 which comprises the 
luminescew substances BaMgAl,.0„:Eu». Ce^Tl>,,,MgAl„0„. and YA:Eu-. TTie outer 
pan 1 13 of the envelope 101 is provided wifl, a flinher luminescent material 104 comprising 
the luminescent substance CaS:Eu» on a suriace 113' &cing towards the interior. 
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A low-pressure mercury dischan^ lainp comprising a ligh,-mu«mW^ 
envelope (1; .01) which encloses a discharge space (2; 102, in a gastigh, manner, which 
d^chanse space is p^vided wiU> an ionizable fUling of mercury as well as one or several 
me gases, and farther comprising means (3a, 3b: 103a. 103b) for maintaining an ekcric 
discharge in .he discharge space, said envelope (1; ,01) being provided with a luminescent 
materuU (4; 104) which is excitable by means of radiadon having a wavelength of 254 
characteri^d in that the envelope (1; 101) is in mi^^n provided with a further luminescem 
materuU (5; 105) which has an excitation spectrum whose value for a wavelength of 436 mn 
amounts to a. leas. 1058 of *at for a wavelength of 254 nm, said further luminescem 
material having an emission specm^m with a maxim«„ in a wavelength range from 580 to 
720 nm. 



2. A ''™'-1^"«'»'«=''ry discharge lamp as claimed in claim 1, Characterized in 
that d,e maximum of the emission spectrum of the fiinher luminescent material (5) lies 

15 between 630 nm and 700 nm. 

3. A low-pressure mercury discharge lamp as claimed in claim 1 ,w 2 
Characterized in d^ the further luminescent ma«ial (5) absorbs 20 «, 70% of *e n„iia.ion 
havmg a wavelengA of 436 mn generated in die discharge space. 

4- A low-pressure mercury discharge lamp as claimed in claim 1 2 or 3 

charac^rized in tha, d» luminescem material (4) a^l the furd«r luminescem material (5) are 
provided in mutually differing luminescent l.,e« (40 and 50. respectively). ,he luminescem 
layer (40) comprising the luminescem material (4) being arranged benveen Ae discharge 
space (2) and the luminescem layer (50) comprisi,^ U,e further lumi«sce« material (5). 

5. A low-pressure mercury discharge lamp as claimed in claim 4. characterized in 

U«t the em,elope (1) comprises a discharge vessel (10) which is closed in a vacuumtight 
mamier and an ooter bulb (11). which outer bulb (11) sunounds the discharge vessel said 
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discharge vessel (10) supporUng *e lumi„esce« layer (40) co,„prisi„g *e luminescem 
jmumal (4) on . sorfcce ftcing «^ ^ ^^^^ ^^^^ ^ 

lummescem Uyer (5(>) comprising the Junto luminescem naterUU (5) 
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